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A short wavelength FIR laser (;1.=40 ~m - 100 ~) 
is required as a light source of the interferometer for the 
electron density measurement of higher density operation 
of the LHD. The ITER is also the same. [I] We have 
surveyed the FIR laser lines by using various molecules 
(CH]OH, NH], CH,F" etc.). The laser characteristics 
(output power, pressure dependence, polarization, etc.) 
have been measured. As the results showed, 9R(8) CO, 
laser pumped 57- and 4S-~m CH]OD lasers were the most 
powerful lines. The intensification of these lasers has been 
done by cooling the laser tube, adding He as the buffer gas, 
using a CVD diamond output window. [2] 
Figure I shows the optically pumped twin FIR laser 
system. The system is set up on vibration isolating optical 
bench of 1.5x4.2 m'. The CO, laser cavity is formed by a 
gold-coated copper b'fating (150 g/mm) and a ZnSe output 
coupler (20 m radius curvature, 55 % reflectivity). The 
cavity is fixed by four Neoceram glass rods that have a low 
thermal expansion coefficient (-I x 10.7 j0C) to stabilize the 
laser output and the frequency in free-running operation. In 
this CO, laser, 94 laser lines have been observed in 
wavelength region from 9 to II ~m. The output powers of 
lOP(20), 9P(36), and 9R(S) lines have been attained: 253, 
177, and 164 W, respectively. Although the FIR laser is 
twin type owing to a beat modulation for the interferometer, 
only one side of the laser tubes is used in this experiment, 
as shown in Fig. I. The FIR laser waveguide is a 
25-mm-inner-diameter glass tube made by Pyrex. The input 
coupler is a flat, gold-coated copper mirror with 3 mm 
off-axis hole in order to prevent back-talk of the CO, laser 
light. The output coupler is a flat, gold-coated silicon 
hybrid coupler with a 14-mm-diameter coupling hole. The 
cavity is also fixed by two Neoceram glass rods. Vacuum 
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Fig. I. CO, laser pumped twin FIR laser. 
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Fig. 2. Detuning curves of (a) 57- and (b) 4S-~ 
CH,OD lasers. 
Fig. 3. The total output power for 57- and 4S-~m 
CH,OD lasers. 
windows are composed of a ZnSe Brewster window at the 
input and a CVD diamond window (1.023 mm in 
thickness) at the output. The CVD diamond enables high 
transmission in the short wavelength FIR region. [3] At 
present, about 75 laser lines have been observed from 14 
molecules in the region from 40 to 500 ~. 
. Figure 2 shows an example of detuning curves of 
57- and 4S-~m lasers. The polarization of the 57-~ laser 
is perpendicular to the pump CO, laser, while that of the 
4S-~m laser is parallel. Therefore, these lasers are 
selectable by using a polarizer. These lasers oscillate 
simultaneously by adjusting the cavity length_ The power 
increase of these lasers has been done by adding He as the 
buffer gas, cooling the FIR laser tube wall, and using a 
CVD diamond window. The maximum total output power 
achieved from these two lasers has been found to be 2.4 W, 
as shown in Fig. 3. The output power is estimated to be at 
least 1.6 W for the 57-~ laser and at most O.S W for the 
4S-~ laser, from the ratio ofthe detuning curves. 
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